Study objective-To estimate the extent to which changes in blood pressure, smoking, and serum cholesterol concentration explain the observed increase in socioeconomic diVerences in mortality from ischaemic heart disease (IHD) in Finland during the past 20 years. Design-Predicted changes in mortality from IHD were calculated using logistic regression models with the risk factor levels assessed by cross sectional population surveys conducted in 1972, 1977, 1982, and 1987. The subjects included white collar and blue collar workers and farmers. The predicted changes were compared with the observed mortality changes in the same socioeconomic groups in the total population of the same geographical area. Setting-North Karelia and Kuopio provinces, eastern Finland. Participants-16 741 men and 16 389 women aged 30-59 randomly drawn from the population registers of the study areas. Mortality data were obtained from the total population in the same areas. Main results-In men, the changes in diastolic blood pressure, total serum cholesterol, and smoking predicted a 28% decline in the mortality from IHD among white collar workers, a 30% decline among blue collar workers, and a 33% decline in farmers. Observed declines in the same socioeconomic groups were 61%, 40%, and 37%, respectively. In women, the predicted decline was 41% among white collar workers, 35% among blue collar workers, and 39% among farmers. The respective observed declines were 57%, 43%, and 20%. Conclusions-Less than half of the decline in IHD mortality among white collar men was explained by the risk factor changes, while they explained 75% of the decline among blue collar men and 89% of the decline among male farmers. Changes in risk factors did not explain the increasing diVerence in IHD mortality between the socioeconomic groups, especially among men.
risk factors did not explain the increasing diVerence in IHD mortality between the socioeconomic groups, especially among men.
(J Epidemiol Community Health 1998;52: [416] [417] [418] [419] Mortality from ischaemic heart disease (IHD) has been declining in most industrialised countries during the past 20 to 30 years. 1 We have previously reported that most of the decline in IHD mortality in Finland can be explained by a decline in the classic cardiovascular risk factors, smoking, high serum cholesterol, and high blood pressure. 2 Despite this positive development the relative diVerences in IHD mortality between socioeconomic groups have been growing in Finland. 3 4 Several studies suggest that about half of the diVerences between socioeconomic groups can be explained by the main risk factors. [5] [6] [7] [8] [9] [10] We are not aware of any previous studies, however, that relate changes in socioeconomic diVerences in IHD mortality with changes in risk factor levels in a population.
The aim of this paper is to assess the extent to which the changes in blood pressure, smoking, and serum total cholesterol can explain the observed growing socioeconomic diVerences in IHD mortality in Finland.
Methods
Four cross sectional population surveys, conducted in 1972, 1977, 1982, and 1987 , have assessed the levels of coronary risk factors in Finland's eastern provinces of North Karelia and Kuopio. 11 For each survey, an independent random sample was drawn from the national population register. In the 1972 and 1977 surveys, a random sample of 6.6% of the population born during 1913-1947 was drawn in both areas. In 1982 and 1987, each area's samples were stratified by sex and 10 year age group. The age range in all four surveys was 30-59 years.
The survey methods used in 1982 and 1987 followed the WHO MONICA (Multinational MONItoring of trends and determinants in CArdiovascular disease) protocol, which were comparable with the methods used in 1972 and 1977. Blood pressure was measured from the right arm of the subject, who was seated for five minutes before the measurement. The fifth phase of the KorotkoV sounds was recorded as the diastolic pressure. In 1972 and 1977, a shorter cuV bladder (23 cm) was used than in 1982 and 1987 (42 cm). 1972  1959  94  2056  96  2918  91  2949  94  1977  2063  87  2020  91  2933  89  2996  92  1982  1599  77  1511  84  1459  83  1143  88  1987  1521  79  1485  87  762  82  744  87 In 1972 and 1977 serum cholesterol was determined from frozen samples using the Liebermann-Burchard method, whereas in 1982 and 1987 serum cholesterol was determined from fresh serum samples using an enzymatic method (CHOD-PAP, Boehringer Mannheim, Monotest). The enzymatic assay gave 2.4% lower values than the LiebermannBurchard method. The cholesterol values of the 1972 and 1977 surveys were corrected for this diVerence in the analyses. Cholesterol determinations were carried out in the same central laboratory standardised against national and international reference laboratories.
Smoking was assessed by a self administered questionnaire. Subjects who had smoked regularly in their life and had smoked in the past half year were regarded as smokers. Participation rates were more than 90%, in both areas and in both sexes in the first survey in 1972. The proportion participating decreased slightly over time. The lowest level of participation, 77%, was observed among men in North Karelia in 1982 (table 1).
The national mortality statistics recording IHD (ICD 410-414, 8th revision) as the underlying cause of death were linked to the survey cohort examined in 1972. Deaths occurred from 1972 to 1986 were included in the prospective follow up. Logistic regression analyses were done separately for men and women. Age, baseline values of serum total cholesterol, and diastolic blood pressure were included as continuous variables, and the smoking status was dichotomised. Interactions between the risk factors were excluded from the analysis because they were not statistically significant in multivariate models. In addition, including the years of education in the model had very little eVect on the odds ratios of the risk factors.
All variables were available for 4243 men and 4722 women, of whom 303 and 73 died from IHD, respectively. In the logistic regression model the probability of IHD death for men was: 1/(1+exp (12.73−0.108 × age−0.806 × smoking−0.021 × diastolic blood pressure− 0.384 × cholesterol)). The probability of IHD death for women was: 1/(1+exp (14.90−0.104 × age−1.24 × smoking−0.0306 × diastolic blood pressure−0.365 × cholesterol)). All terms were statistically significant at a 0.001 risk level.
We then calculated the predicted probability of IHD death for each year the risk factor survey was conducted by entering the individual risk factor values observed in the survey into this logistic regression function and calculating the mean of these individual predicted risk scores. This procedure yielded the predicted changes in mortality since 1972 in each socioeconomic group, based on the changes in the risk factor levels in the consecutive surveys.
Data trends in IHD mortality in the socioeconomic groups were based on the death records for the years 1971-90, which were linked, by Statistics Finland, with the individual level records on occupation from the censuses in 1970, 1975, 1980 , and in 1985. 3 4 For the mortality analyses the data were pooled in five year periods after each census. Death rates were age standardised using five year age groups of the 1971-90 populations as a standard. The age standardised death rates and their 95% confidence intervals were obtained using the Poisson regression model. 11 12 Occupation for the participants in the risk factor survey was obtained through linkage of x Serum cholesterol, blood pressure, and smoking have declined in a similar way in diVerent socioeconomic groups in Finland.
x Decline in risk factors explain mortality decline in blue collar workers but less than half of the mortality decline in white collar workers.
x Risk factor changes cannot explain the increasing socioeconomic diVerences in mortality from ischaemic heart diseases.
records in the similar way as with the mortality data. Subjects were divided into three social classes on the basis of the 21 grade occupation variable in the population census data. The three social classes used were white collar workers, blue collar workers, and farmers. Pensioners were classified according to their past occupation. Housewives and other persons without present or past occupation were classified according to the head of the household. Employers and own account workers in other areas than agriculture, students, pensioners with missing past occupation, and others with missing data on socioeconomic status were excluded from the analyses.
Results

Diastolic blood pressure decreased by 4.5 mm
Hg in men and by 9.1 mm Hg in women from 1972 to 1987. Serum total cholesterol declined by about 0.55 mmol/l in men and 0.83 mmol/l in women (table 2) . These changes were not statistically significantly diVerent between the socioeconomic groups. Also, the decreases in smoking among men were similar in the diVerent socioeconomic groups. Smoking did not change among female white collar workers but increased among blue collar workers and farmers (p=0.04 for the diVerence). Predicted mortality calculated by the logistic regression function declined similarly in all socioeconomic groups both for men (p=0.19) and for women (p=0.67). Both in men and women IHD mortality was highest among blue collar workers during the study period (table 3) . The relative diVerences between male white collar and blue collar workers increased over the time, but the greatest increase occurred during the 1980s. The relative diVerence between female white collar workers and blue collar workers remained about the same until the late 1980s.
The observed age standardised IHD mortality declined by 61% among white collar male workers, 40% among blue collar workers, and 37% among farmers (table 4) . Based on the logistic regression model and observed risk factor changes, the predicted declines were 28%, 30%, and 33%, respectively. Hence, the risk factor changes among men explained 46% of the decline in IHD mortality among white collar workers, 75% among blue collar workers, and 89% among farmers. A particularly noticeable diVerence emerged in the 1980s when the mortality in white collar workers declined by much more than what could be predicted by risk factor changes, while the decline in IHD mortality among blue collar workers and farmers essentially followed the decline predicted by the risk factors.
In women, the observed decline was 57% among white collar workers, 43% among blue collar workers, and 20% among farmers. The respective predicted declines were 41%, 35%, and 39%. Hence, the risk factor changes explained 72% and 81% of the observed declines among white and blue collar workers, but the decline among farmers was only half of that than predicted by the risk factor changes.
Discussion
Despite the large decline in IHD mortality in Finland, relative diVerences between the socioeconomic groups have been growing, especially among men. 3 4 According to the present analyses the main reason for this widening gap has been that mortality from IHD declined more among male white collar workers in the 1980s than what could be predicted from the observed risk factor changes, while the risk factors among blue collar workers and among farmers predicted the observed decline quite well. There are several possible explanations for this. Coronary bypass surgery was introduced on a large scale in the 1980s. 13 In the beginning there was not enough capacity in the public health care to do all the required operations and in the private sector the costs may have been too high for many blue collar workers. Mortality from recurrent infarctions has declined especially in the 1980s. 13 14 Secondary prevention in the form of counselling on risk factors has also improved during the 1980s. It may be so that the white collar workers have been more successful in changing their lifestyles after the infarction. The present regression model is very simple. It does not take into account other risk factors like physical activity, obesity, alcohol use, antioxidants, and other dietary changes aVecting cholesterol level. Changes in these factors may be diVerent between socioeconomic groups.
There are few methodological problems in this paper. IHD mortality has a large annual variation. We therefore used five year intervals to obtain suYcient stability for the analyses. The second uncertainty is how well we could measure the risk factor changes from 1972 to The third problem is the lag time between risk factor and mortality changes. We used risk factor levels shortly after the beginning of the five year period to estimate the predicted IHD mortality during each five year follow up. This was chosen on the basis of the results of cholesterol lowering trials, which suggest that the beneficial eVects of cholesterol lowering on mortality are seen already after two years of treatment. 15 Also the main benefits from quitting smoking are seen within five years. The predictive model used in our study was based on 15 year follow up of the 1972 cohort. Parameter estimates obtained from the later cohorts were fairly similar with those of the 1972 cohort, and therefore using them would not have had any practical eVect on our prediction.
In conclusion, smoking, serum cholesterol, and blood pressure has decreased considerably in eastern Finland since the early 1970s. Decrease has been fairly similar in all socioeconomic groups. Decrease in IHD mortality has been greater among white collar workers than blue collar workers and farmers. Especially among male blue collar workers and farmers most of the mortality decrease could be predicted from the decrease in risk factors, but among white collar workers the decrease in mortality was larger than predicted by risk factor changes.
